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ABSTRA.CT 


In  order  to  successf^llly  meet  the  Hollcnan  Air  Development  Center 
requirements  desigiiated  by  Test  Directive  #5l82»HI  ( Manned  Balloon 
Program),  new  launching  and  tracking  techniques  were  developed.  The 
problems  introduced  by  the  half-ton  payload  are  analysed  and  solutions 
discussed,  A balloon  shroud  inflation  system  and  the  introduction  of 
ground  radio  vehicles,  a Balloon  Tracking  Control  Center  and  a D.  7,  Loop 
for  recovery,  are  the  primary  innovations. 
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HAriNED  BALLOOh  PBOORAM 
FACILITIES  DEVELOPMENT  REPORT 


Project  Requirements 


To  successfully  lift  a ?-foot  diameterj  1,000-pound  sphere  to  alti- 
tudes ranging  from  5^0,000  to  100,000  feet,  MSL,  on  a non-exteiisible  balloon; 
to  float  the  load  at  these  altitudes  for  durations  up  to  2h  hours;  and  to 
recover  the  load  in  as  short  a time  as  can  be  c*chievedo 

Pre-Project  Capabilities 

Prior  to  the  initiation  of  MX-lIi^OB,  this  Center  had  successfully 
flown  four  payloads  of  over  ^00  pounds,  the  maximum  being  8^6  pounds » The 
maximum  duration  was  8ij  hours.  A total  of  1^0  plastic  balloon  flights  had 
been  flown  since  1950. 

Problem  Breakdown 

A.  The  Vehicle 

1.  For  the  minimum  level,  a 6l-foot  diameter,  sphere-cone,  2.'5-mil 
polyethylene  balloon  weighing  1?5  pounds  would  be  a logical  candidate.  It 
would  lift  the  half-ton  payload  to  55.000  feet,  MSL,  Another  possibility, 
especially  with  its  superior  transverse  stress  properties,  would  be  the 
66-foot  diameter,  natural  shape  balloon,  '’'’eighing  l6Ii  pounds,  the 
version  would  attain  52,000  feet,  MSL,  with  the  MX-1Jj50B  load. 

2.  The  largest  polyethylene  balloon,  now  in  existance,  which  has  been 
flown  enough  to  be  considered  past  the  experimental  stage,  is  the  116-footer. 
The  2-mil  model  vrill  achieve  83,000  feet,  MSL,  in  the  natural  shape  configu- 
ration, or  86,000  feet,  MSL,  in  the  sphere  cone  configuration. 

3.  Basic  interim  level  balloons  would  be  the  sphere-cone  72„8-footers 
(65,000  feet,  MSL)  and  9'" -footers  (75,000  feet),  in  addition  to  the  compa- 
rable natural  shape  balloons, 

U.  Higher  altitudes  can  be  achieved  by  clusters  of  the  afore-mentioned 
balloons,  or  use  of  cells  larger  than  the  ll6->footer  which  are  still  experi- 
mental items,  or  not  yet  in  existence. 

The  following  compares  the  quaitities  of  clusters,  and  "giant" 
balloons , 


a.  Reliability;  In  most  cases,  the  individual  balloons  of  a 
cluster  being  smaller  will  be  more  thoroughly  tested  vehicles  than  the  giant 
balloon.  However,  the  need  for  a successful  performance  by  several  balloons 
in  contrast  to  the  single  giant  balloon  serves  to  equalize  the  reliabilities. 
The  advantage  is  seized  by  the  giant  balloon,  as  the  mj.mber  of  balloons  in 
the  cluster  is  increased.  This  advantage  is  demonstrated  in  the  following 
examples . 


b,  Efficieiicy ; Beca  ise  of  the  large  increases  in  surface  area^ 
increasing  the  number  of  balloons  on  a single  flight  is  less  efficient  than 
increasing  the  total  volume  of  a single  balloon„  As  an  example^  a compari- 
son js  Trade  between  t^ie  experimental  i-mil,  175  . foot  diameter,  "Super^Sky- 
Hook"  and  a cluster  of  h each  1 mii,  117-footers,  both  bearing  the  I,COO-paand 
load  „ 


Four  117-Foctcrs 


Single  178-Footer 


Total  Volume 

Cubic  Feet  3^Why000  3 >000,000 

Total  V.'eight 

Pounds  l>2h0  63O 

Maximum  Altitude 

Feet  rlSL  106,000  109,000 

As  another  example,  consider  a 2-mil,  lii'5-foot  balloon  (hypo- 
thetical) vTeighing  about  7li0  pounds,  which  would  carry  the  load  to  exactly 
100,000  feet,  MSL,  and  would  probably  be  not  a great  deal  more  trouble  x,o 
launch  than  a 700-pound,  2o5-mil,  116-footer.,  Compare  this  single  balloon 
with  a cluster  of  three  2-mil,  117-footers,  weighing  a total  of  1700  pounds, 
which  would  only  attain  97,000  feet,  MSI. 

c.  Launching  Problem? ^ Use  of  a giant  size  balloon  introduces  two 
basic  problems, 

(1)  The  top  of  the  balloon,  during  inflation  and  launching,  is 
further  above  the  ground,  necessitating  light  winds  for 
even  a deeper  layer  of  air  than  usual, 

(2)  The  size  of  the  launching  equipment  must  be  increased.  In 
a cluster,  ho-wever,  the  balloons  must  be  tied  together  by 
lengths  of  line  at  lea.st  150  feet  long.,  Consequently,  after 
inflation,  but  before  the  load  is  launched,  the  cluster 
balloons  will  be  even  further  above  the  ground  than  a single, 
giant  balloon.  Furthermore,  the  rigging  becomes  complicated, 
especially  when  more  than  two  balloons  are  employed. 

The  launching  equipment  for  the  standard  size  balloons  of 
a cluster  is  already  on  hand  but  will  be  needed  in  duplicate 
or  more, 

5o  To  be  considered  next  is  the  structural  strength  of  the  plastic 
balloons. 


a.  The  load  tapes s Two  principal  types  of  load  tapes  are  used  with 
polyethylene  balloons,  (1)  One  inch  wide  acetate  fiber  pressure  sensitive 
tape  is  rated  50  pounds  test,  and  (2)  Glass  filament  tape  at  500  pounds  test. 
Checks  at  this  Center  have  found  these  items  to  test  as  low  as  15  pounds  and 
350  pounds,  respectively.  An  early  test  for  MX-Ht50B,  using  a U5-fo  t balloon 


coustructed  principally  of  fiber  acetate  load  tapes ^ re^ilted  in  the  tapes 
peeling  off  near  its  equator,  after  about  900  pounds  of  gas  had  been  vaived. 
into  the  balloon.  On  the  basis  of  this  experience,  together  with  reports  by 
the  University  of  Minnesota,  the  decision  has  been  to  order  only  continuous 
glass  filament  tapes  (preferably  #890,  Minnesota  Mining  Company)  for  MX.-.iii50D 
balloons . 


bo  The  polyethylene  sheets  The  best  performances  vith  heav^,”^  loads  c. 
previous  to  this  project,  have  been  obtained  using  DE-2^00  resin,  double 
oX-l=iiich  polyethylene  sheet.  Equally  fine  performance,  with  laminated  2-mil 
sheet  of  the  same  resin,  has  been  obtained  by  some  of  the  first  liX-lii^OB 
flights.  Two-mil  material,  in  general,  is  preferred  so  far  because? 

(1)  The  difference  in  floating  altitude  between  a 1.9  - and  a 

2,. 0-mil  balloon  of  the  same  volume  is  so  small  that  the  extra 
safety  factor  and  easier  handling  qualities  of  the  2-mil 
balloon  is  preferred. 

(2)  Capacity  data  for  2.0-mil  balloons  (with  cent-' nuous  glass 
filament  load  tapes)  are  known,  as  a result  of  tests  conduct- 
ed b2/’  the  University  of  Minnesota.  This  Center  has  obtained 
permission  through  Air  Research  and  Development  Command 
Headquarters  to  use  the  Navy  blimp  hangar  at  Moffet  Field, 
California,  to  run  maximum  inflation  tests  on  3-mil  balloons. 
On  the  basis  of  these  tests,  it  is  hoped  to  determine  if  the 
extra  safety  structural  safety  factor  on  2.5-  and  3-mil  balloons 
balances  the  lov-er  floating  altitudes.  In  addition,  compari-^- 
son  will  be  made  between  the  breaking  points  of  sphere-cone 
and  the  newer  natural  shape  balloons.  Results  of  all  these 
tests  will  be  discussed  in  a later  report. 

B.  The  Load 

1.  The  parachute  test  gondola  has  already  been  received  and  assembled 
at  this  Center.  For  the  20  successful  flights  required  in  Stage  lA,  (Test 
Directive  5182-HI),  however,  a durmiy  1,000-pcund  load  is  iequired. 

2.  At  this  time,  three  dummy  loads  have  already  been  constructed  and 
flown  by  this  Center. 

3.  The  present  dummy  load  (see  Figures  1-3)  is  siinply  an  aluminum 
cylinder,  with  a slidin.g  tray  for  instrumentation.  The  ballast  reservoir  is 
10  cubic  feet,  with  the  filler  hole  operings  on  top  of  the  cylinder.  In 
addition,  a rectangular  section  is  located  on  top  to  contain  the  packed  para- 
chute. The  cylinder  alone  weights  170  pounds,  and  has  a capacity  of  1,000 
pounds  of  sand. 

ii.  Until  a successful  parachute  system  has  been  established  for  this 
project,  the  dummy  cylinder  will  be  recovered  with  standard  2li-  or  36-foot- 
parachutes  with  the  sand  being  jettisoned  initially.  This  process  has  not 
been  an  easy  one,  hovrever,  and  the  pr-oblems  will  be  discussed  in  detail  in 
the  flight  sumnaries,  because  it  is  felt  that  some  of  the  incidents  will  be 
of  great  interest  to  the  Wright,  Air  Development  Center  Parachute  Laboratory 
wcrkirig  on  the  final  recovery  system. 
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Inflation  and  Launch i Techniques 


Type  of  Inflation 

The  three  types  of  inflation  employed  by  organizations  flyiru-'  non- 
extensible  balloons  are; 

a„  The  launch  platform  (Figure  I4  );  This  is  the  earliest  technique 
applied;,  and  is  gradually  being  replacedo  Employed  with  a wind  screen,  like 
the  UO-foot  structure  at  this  tenter  (see  Figure  5),  if  is  acceptable  for  loads 
of  300  pounds  or  less.  There  are  two  principal  disadvanta^-es  for  heavier 
loads,  however o 

(1)  The  arms  are  locked  near  the  equator  of  the  balloon,  where 
the  stress  (against  the  gas  lift)  is  taken  up  by  folds  of  the 
balloon  material  and  tape,.  The  load  on  a noa-extensible 
polyethylene  balloon  is  meant  to  be  carried  by  the  tapes  and 
harness  only, 

(2)  Since  the  payload  is  located  some  distance  from  the  bubble 
of  gas  prior  to  release,  horizontal  motion  of  the  payload 
is  required  in  most  cases „ This  is  to  avoid  the  payload 
from  penduluming  toward  the  ground.  In  addition,  there  is 
always  the  danger  of  shock  on  take-off,  when  the  bubble  finally 
takes  up  the  load, 

bo  The  covered  wagon  (Figure  5)''  One  such  device  is  located  at  this 
Center,  and  it  is  an  excellent  aid  to  inflation  in  stiff  surface  winds.  How- 
ever, it  suffers  the  identical  limitations  upon  release,  as  the  launch  platform., 
(S^'e  Sub-paragraph  (2)  above)  The  payload  involved  in  KX-lh'lOR  obviously  can- 
not be  subjected  to  any  of  these  launch  hazards, 

c.  Vertical  inflation;  ihis  is  an  excellent  terhm'qi.iP  for*  h'^=>'.'y 
lodOSo  ana  is  the  system  chosen  by  this  Center  as  the  basic  solution  to  this 
problenio  The  pidmaiy  advantages  are  - 

(1)  After  inflation  is  completed,  the  balloon  and  payload  are 
already  in  the  final  relative  flight  positions,  with  the 
center  of  mass  of  the  helium  directly  over  the  payload. 
Consequently,  wxth  no  surface  wind,  the  payload  Vs  lifted 
vertically  and  smo.othly.  In  the  presence  of  light  windx. , 
there  is  much  less  horizontal  motion  experienced  than  in 
other  techniques,  and  no  take-off  shock  whatsoever, 

I 

(2)  The  stresses  during  inflation  and  before  release  are  applied 
to  the  parts  of  the  )palloon,  which  were  built  to  nepoiuate 
these  forces,  mmely,  the  load  tapes  and  harness, 

(3)  The  technique  employed  in  a perfect  calm,  requires  less 
layout  preparations  than  any  other  technique. 

The  vertical  Inflation  technique  had  been  employed  by  this  Center 
prior  to  the  advent  of  WX-lh^OBo  At  that  time,  (see  Figure  6)  only  U'o 
elements  uf  ''harriwarf'”  Ti’ore  emplryod,  Fii-si..,  a boom.  a,i  'i'r  fn-’  . f , -ti  h- 


load  ring  of  the  balloon  was  tied.  Secondly,  a reefing  cloth  was  employed  to 
restrict  the  gas  to  the  top  of  the  balloon  in  a tight,,  round  bubble ^ After  in-- 
nation^  the  boon  was  raisedj  the  payload  positioned  underneath  it  and  tied  irito 
the  balloon^  The  reefer  was  then  removed^,  and  the  balloon  cut  free  from  the 
boom.  Final  release  was  effected  by  severing  the  lines  ty.ing  the  payload  to  the 
launching  cart.  The  process  was  smooth  and  direct  with  one  principal  disadvan-- 
tage..  Any  wind  of  approxiiiately  2 knots  or  more  would  canmence  to  rotate  the 
balloon  about  the  vertical  axis.  In  doing  so_,  the  polyethylene  inflation  tube 
would  twist j and  often  terminate  the  inflation.  The  method  therefore  was  too 
hazardous  to  risk  any  flight  in  winds  of  2 knots  or  more, 

2o  In  order  to  convert  the  vertical  Inflation  technique  described  above 
into  something  more  versatile  for  use  with  the  following  iaod.ifications 

were  developed s 

a.  A UO'foot  diameterj.  10O=pound  airplane  cloth  shroud  capj,  with  eight 
25900’pound  test  hold  down  lines,  was  developed  (see  Figure  ?),  Use  of  this  cap;, 
in  conjunction  with  the  reefer,  has  already  proved  to  more  than  double  the  sur=> 
face  wind  capabilities  of  the  vertical  launch.  In  addition,  a further  step  is 
being  taken  to  make  the  cap  and  the  reefer  one  continuous  piece.  It  is  hoped 
that  this  step  will  allow  the  inflation  capabilities  to  approach  10-knot  surface 
winds.  Past  statistics  shew  that  at  dawn  in  the  Tularosa  Valley  the  surface 
winds  are  less  than  10  knots  approximately'  90%  of  the  time, 

b.  Tests  have  been  made  in  an  attempt  to  replace  the  polyethylene 
inflation  tube  by  a rubber  or  Plastic  hose  within  the  balloon,-  i>uch  a techr.ique 
would  prevent  the  flow  of  helium  from  being  quelohed  by  twisting  of  the  balloon. 
In  conjunction  with  these  tests,  an  improved  helium  diffuser  technique  ha-s  been 
devised  by  installing  fine  wire  mesh  baffles  In  the  diffusers.  This  appears  bo 
provide  a more  satisfactory  gas  profile  during  rapid  inflations, 

c.  In  order  to  speed  the  inflation  process,-  a method  of  increasing 
the  pressure  of  the  helium  issuing  from  the  trailer  has  been  developed,  Thi-s 
method  is  discussed  in  detail  in  the  23  May  1953  Test  in  the  Appendix, 

The  accuracy  of  the  inflation  is  also  an  important  phase.  The 
ascent  rate  of  the  balloon  must  be  controlled  carefully,  since  a rapid  ascent 
is  the  primary  cause  of  balloon  bursts.  Two  steps  have  been  taken  in  order  to 
initiate  f farther  control  of  this  factor, 

(l)  A Roots-Oonnersvllle  flovr  meter  is  being  obtained.  Employed 
to  meter  the  volume  of  gas  leaving  the  helium  trailer^  it 
will  eliminate  a large  n’omber  of  indeterminable  variables 
which  contribute  errors  to  the  presen  L syscem.,;  Ciome  of  these 
ares 

(a)  Temperature  gradients  within  the  helium  trailer, 

(b)  Volumetric  variatio.ns  of  the  individual  heiiiam  trailer 
tubes,. 

(c)  Variations  in  the  grade  of  hei.ium. 
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(d)  Temperatu-re  clianges  occurr.lng  during  the  helium  v^l.vmg 
process. 

(2)  Command  ballast  techniques  are  soon  to  be  adopted.  With  this 
system,  the  ascent  rate  can  be  planned  to  be  deliberately 
slow,  and  adjusted  diiring  the  ascent  by  dropping  ballast^  as 
commanded  from  the  ground  <>• 

d.  A polyethylene  covered  aluminum  tube  has  been  constructed  to  place 
within  the  balloon  appendix,  during  the  inflation.  This  prevents  the  harness 
rigging  from  pinching  the  inflation  tube. 

Do  Tracking  and  Recovery  Techniques 

In  order  to  facilitate  tracking  and  recovery  of  balloons  and  payloads, 
three  major  steps  have  been  taken? 

1.  A tracking  control  station  lias  been  established  in  the  new  6530th  Test 
Squadron  (Special!  Building  at  this  Center o 

2.  Motor  vehicles  have  been  assigned  to  the  Ba.U.oon  Unit  (Hollcsaan  Air 
Development  Center)  and  have  been  equipped  tc  provide  adequate  mobile  ground 
tracking  and  recovery. 

3.  A direction  finding  loop  antenna  system  has  been  designed  and  will 
provide  a permanent  long  range  tracking  facility.  These  are  described  in  detail 
below? 


a.  Balloon  Tracking  Control  Station. 


The  need  for  a central  station  to  facilitate  liaison  with  Center 
support  units  as  well  as  to  coordinate  and  direct  the  vario'is  tracking  devices 
led  to  the  establishment  of  the  Balloon  Tracking  Control  Station.  The  station 
is  in  continuous  operation  throughout  a given  flight.  It  in  the  duty  of  op«r«t“ 
ing  personnel  to  keep  an  accurate  log  of  position  and  altitude  data.  These 
data  are  plotted  and  analyses  are  made  of  wind  direction  and  speed.  Actual 
balloon  performance  is  compared  with  weather  data  transmitted  over  Air  Weather 
Service  teletype  circviits  and  trajector^>^  forecast  revisions  are  made  when  needed. 
Communications  equipment  (radi.Q  and  telephone)  is  available  to  maintain  contact 
with  the  tracking  aircraft  end  the  ground  vehicles.  The  control  console  for  the 
DF  loop  antennae  is  located  here.  Ra.dio  comraunications  equipment  consists  ofi 

(1)  BC  610  Transmitter 


(2)  Hallicrafter  Receiver 

(3)  Motorola  Receiver  and  Transmitter 

(4)  AN/TRC'^2  Receiver  and  Transmitter 

(5)  30-^-6110  VHF  Transmitters 

(6)  BC“639  Receiver 
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bo.  A 9C-’foot  high  ”wincl  chargtir**  vertical  radio  tower  has  beer- 
ordered.  It  wU.l  provide  circular  pattern  in  azimuth  to  be  operated  v/  ;th  thv 
3C“6lO  to  provide  coverage  cn  2229  kc  (command  separation)  an.  add?. taco,  to. 
other  conuaunxcations  frequencieso  This  equipment  will  also  be  u.sed  to  effect 
radio  controlled  ballasting. 

c.  Mobile  Ground  Trackings  Prior  to  July  1953.«  ground  recoveiv 
accomplished  by  a Base  recovery  group.  At  this  time  a limit  of  200  miles  r.adius 
from  this  Center  was  established  for  this  group's  recovery  activities.  The 
Balloon  Unit's  requirements  could  not  be  met  under  this  arrangement.  Efforts 
were  initiated  for  acquisition  of  recovery  vehicles  and  recovery  personnel  tc. 
be  assigned  to  the  Balloon  Unit.  In  August,  a one-'ton  pa.nel  truck  was  acquired 
and  preparations  were  made  immediately  for  the  installation  of  the  following 
equipments 


(1)  ART-13  Transmitter 

(2)  BC“3U8  Receiver 

(3)  ARN'-'6  Compass  Receiver 

(U)  ARC--3  Receiver  and  Transmitter  (3  00-156  me) 

(5)  Motorola  Receiver  and  Transmitter 

(6)  Plotting  Board  and  Theodolite 

This  equipment  has  been  installed  and  test  rans  made.  The  truck 
has  not  been  used  on  actual  flights  because  all  necessary  calibrations  have  not 
been  completed.  However,  it  is  anticipated  that  it  will,  be  in  operational  use 
soon. 


A second  vehicle  (weapons  carrier)  has  also  been  obtained  and  has 
been  outfitted  with  ccmmunications  equipment  of  the  following  types. 

522  Tranaceiver  (VltF). 

BC-3U8  Receiver  (l,5“l8  rac)^  and 

BC-191  Transmitter  (HF). 

Ttiis  vehicle  has  been  used  on  ope.rational  flights.  However,  be-” 
cause  of  its  relatively  low  rate  of  speed  it  is  not  completely  satisfa-rtor;;/  as 
a recovery  vehicle  under  all  conditions  which  ajre  likely  to  be  encountered. 

It  is  felt  that  the  fast  moving  panel  truck  maintaining  communication  wif.h  -tfie 
slower  more  .rugged  weapons  carrier  will  provide  a recovery  facility  far  .superior 
to  any  previous  method  used.  It  must  be  remembered,  however,  that  the  tracking 
aircraft  in  the  final  stages  of  a balloon  flight  is  the  best  insurance  against 
loss  of  a payload.  Adequate  communications  at  this  time  are  essential. 

A third  vehicle  (2-l/2  ton  van)  is  being  equipped  to  act  as  a 
communications  relay  station  between  the  other  two  ground  vehicles  ana  the 
Tracking  Control  Station.  It  is  planned  that  a portable  DF  loop  antenna  oe 
installed  on  this  vehicle  as  a supplementary  tracking  device. 
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Operating  procedures  for  the  vehicle  are  being  worked  nut  for 
various  f3.ight  durations  and  conditions « The  vehicles  will  be-  equipped  to 
operate  until  bhe  P!.s3  3cn  is  completed. 

Recently^  five  (l  Civilian^  I4  Military)  qualified  missile  re-- 
c every  men  have  been  assigned  to  the  Balloon  Unit»  The  experience  of  these  men 
in  recovery  techniques  ranges  from  two  to  five  years. 

d.  DF  Loop  Antennae  s Six  tracking  methods  have  been  investigated  for 
adaptability  to  balloon  use.  This  study  showed  that  the  1735  kc  direction  find° 
ing  loop  antenna  was  the  most  practical  device  with  respect  to  sLmplicity  and 
dependability,  weight  of  balloon-borne  instrumentation,  range,  and  econcary. 

A prototype  antenna  has  been  constructed  and  tested  on  several 
balloon  flights.  The  information  obtained  from  these  tests  led  to  the  construc- 
tion of  a larger  loop  and  control  console.  The  theoretical  range  for  this  loop 
is  about  200  miles. 

A shelter  has  been  constructed  on  the  roof  of  the  new  6580th  Test 
Squadron  (Special)  building  and  it  is  anticipated  that  the  loop  will  be  installed 
and  operating  soon.  Plans  are  being  considered  to  convert  this  loop  to  automatic 
operation.  To  complete  the  network  it  is  plamied  that  two  more  loops  be  located 
at  suitable  sites  to  provide  triangiilation.. 
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FLIGHT  SUMf'iARY  FOR 


Introduction 

The  requirements  listed  under  Stage  1,  Phase  A,  T-  D.  states 

Develop  dependable  and  safe  launching  and  lifting  techniques  for  plastic  bal- 
loons whidi  are  capable  of  carrying  loads  of  1,000  pounds  to  altitudes  between 
50,000  and  100,000  feet,  MSL.  Holloman  Air  Development  Center  responsibility 
will  be  to  perform  approximately  2o  successful  launchings  and  flights  of  this 
type. 

A.  The  requirements  listed  under  Stage  1,  Phase  B,  states  Holloman  Air 
Development  Center  responsibility  will  be  to  periorm  approximately  10  instru= 
mented  parachute  descents  from  altitudes  of  50,000  to  100,000  feet.>  There 
must  be  three  consecutive  successful  descents  with  the  ultimate  recovery 
systems.  Tests  under  Stage  1 may  be  combined,  whenever  feasible. 

The  last  two  stages  are  not  intimately  concerned  with  balloon  launching 
development.  (In  this  introduction,  the  primary  concern  is  to  define  the 
vehicle  development  flights  to  be  negotiated  under  Stage  1.) 

B.  The  phrase  "successful  launchings  and  flights"  must  be  discussed  and 
expanded  with  regard  to  the  primary  statement,  "develop  dependable  and  safe 
launching  and  lifting  techniques." 

In  order  to  make  the  launchings  and  flights  "safe  and  dependable,"  the 
safety  factors  must  be  determined  for  various  flight  phases.  This  requires 
that  inflations  be  made  in  ever-increasing  winds  until  some  velocity  is  ex- 
perienced which  prevents  the  inflation  and/or  a safe  take-off.  It  required 
that  each  tjTpe  o£  balloon  be  flown  at  high  ascent  rates  until  the  balloon 
bursts.  Only  until  the  actual  failing  point  for  each  vehicle  phase  is  actually 
encountered,  can  ve  realistically  state  the  safety  factors.  Consequently, 
there  are  flights  which  fail,  yet  which  must  be  considered  successful  if  they 
provide  the  information  needed. 

C.  Also  to  be  considered  are  flights  which  do  not  provide  the  initially 
desired  information,  but  result  in  the  accumulation  of  other  useful  data. 
Planning-wise,  the  procedure  of  declaring  such  flights  successful  (i.e,, 
needed  information  was  obtained  although  not  at  the  planned  time)  may  not  be 
agreed  with.  However,  becatise  of  the  limitation  of  the  number  of  flignts 
(20-30)  in  this  development  stage,  useful  information  m\ist  be  considered, 
regardless  of  the  order  in  which  it  is  accumulated. 

D.  In  conclusion,  it  appears,  with  the  limitation  of  the  20-30  balloons 
which  can  be  expended  on  the  vehicle  development  phase,  that  the  most 
practical  goals  should  be: 

1.  To  insure  that  all  the  safety  factors  are  known  for  all  the  tj'pes 
of  balloons  under  all  possible  conditions. 

2.  To  obtain  concise  data  on  floating  altitude  characteristics  of  each 
balloon.  (Actually,  since  this  is  a statistical  problem,  further  informat.ion 
will  also  be  obtained  from  the  later  stages.) 
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E„  Flight  Record 


Flight  #1  - KAFB^lb'a,  July  195^3 

Program  Stages 

Balloons 
Diameter 
Thickness 
Shape 
Weight 
Appendix 
Mfg. 

Payloads  Dummy  Cylinder 
Inflation  and  Launching  Methods 
Free  lifts 
Surface  v'lindss 


Stage  1,  Phase  A 


72. 6« foot 
2.0  mil 
Sphere- Cone 
219  pounds 
Skirt  type 
VJinzen 

976  pounds 

C-2  wrecker  with  canvas  balloon  reefer 
10^ 

0o5>  knots 


Purposes  To  check  the  ability  of  the  various  parts  of  this  type  balloon 
to  support  a V2-ton  payload. 

To  check  the  accuracy  of  the  rapid  inflation  method. 

To  check  the  arrangement  on  the  dunany  load. 

Results s Maximum  altitudes  9^000  feet,  MSL 

Flight  durations  1“3/U  hours 


Discussions  There  was  a double  load  ring  on  this  balloon.  One  of  the 
rings  broke  before  take-off;  the  apparent  result  of  a weak  weld.  The  remain- 
ing ring  was  bent  into  an  oval  shape,  but  successfully  supported  the  load 
for  the  flight  duration. 

The  launching  and  iriflai.ion  technique  was  riot  being  tested.  It  is  a 
method  which  had  proved  to  be  adequate  only  with  surface  winds  of  2 knots  or 
less„  This  first  flight  had  long  been  delayed  becan.se  of  abnormal  surface 
winds  fcr  the  past  month.  On  the  morning  of  this  flight  the  winds  v^ere  very 
light  upon  layout,  but  the  synoptic  situation  indicated  an  increase  very 
shortly.  Consequently,  for  the  first  time  at  this  Center  a balloon  was 
launched  before  sunrise.  The  effect  of  launching  the  balloon  before  it  ac- 
cumulated superheat,  in  addition  to  a free  lift  intended  for  a slow  ascent 
rate,  resulted  in  a slow  rise  to  approximately  7,000  feet,  MSL,  where  the 
flight  leveled  off,  V/hen  the  sun's  rays  finally  contacted  the  balloon,  it 
began  to  rise,  A short  time  later,  one  of  the  safety  circuits  was  activated. 
This  circuit  had  been  set  to  effect  flight  terrr.ination  if  the  balloon  did  not 
attain  30,000  feet,  MSL,  1-1/2  hours  after  take-off. 
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The  completion  of  the  circuit  resulteo  in  the  blowing  of  a squib^  which 
began  to  dump  approximately  800  pounds  of  sand.  Eight  seconds  later  another 
squib  was  intended  to  blow  the  load  line  between  the  parac:hute  and  the 
thus  effecting  separation.  As  the  sand  was  released,  however,  the  balloon 
began  to  rise  rapidly,  gyrating  wildly.  This  action  appai-ently  ait  the  sepa 
ration  wires  and  separation  was  never  effected.  Finally,  at  approximately 
5,000  feet  above  the  grourid,  the  balloon  burst  and  free  fell  v'ith  the  payload 
to  the  ground,  the  parachute  never  opening.  It  was  a packed  parachute  v'itn 
no  drag  chute. 

This  sand-dump  balloon  separation  process  is  not  something  that  will  be 
exactly  duplicated  in  the  Wright  Air  Development  Center  phases,  Ho’-ever,  with 
a l50-pound  man  leaving  th  gondola  before  separation,  a minor  variation  of  the 
above  problem  might  have  to  be  reckoned  with,  V/hat  makes  the  above  incident 
even  more  noteworthy,  however,  is  the  fact  that  the  load  suffered  little 
damage,  despite  the  5,000-foot  free  fall.  The  entangling  balloon  offered 
considerable  drag  on  descent  and  oishioning  upon  impact, 

Summarys-  The  initial  flight  indicated  that  the  load  ring  was  a possible 
weak  link  in  the  balloon  structure. 


It  seemed  likely  that  the  balloon  would  have  continued  to  rise  to  floating 
altitude,  notwithstanding  the  safety  circuit,  A release  15  mimtes  later 
might  have  made  the  difference.  However,  the  final  lesson  appears  to  be  that 
in  order  to  be  safe,  the  actual  time  of  sunrise  must  be  accepted  as  solid  line 
of  demarcation  between  normal,  uninterrupted  ascents  and  abnormal  ascents. 

The  lesson  learned,  it  might  appear,  is  that  such  a flight  with  men  aboard 
need  not  be  considered.  There  have  been  cases,  however,  of  a balloon  leveling 
off  at  a low  altitude  under  a temperature  inversion.  Most  of  these  cases 
occurred  at  launch  sites  other  than  Holloman  Air  Force  Base,  which  are  frequent- 
ed by  strong  frontal  systems.  Nevertheless,  everj'^  possible  source  of  hazard 
should  be  considered  in  connection  with  this  project. 

Flight  #2  - KAFB_168,  i6  September  1953 


Program  Stages 

Balloons 

Diameter 

Thickness 

Shape 

V/eight 

Appendix 

Mfgo 

Payloads  Dummy  Cylinder 
Inflation  and  Launching  methods  C-2 
Free  lift  s 


Stage  1,  Phase  A 

72, 8- foot 

2,0  mil  laminated 

Sphere-Cone 

2isl  pounds 

Skirt  type 

Winzen 

972  pounds 

wrecker,  reefing  cloth,  and  siiroad  cap 

il^ 


Surface  winds s 


0-2  knots 
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Purpose?.  To  subject  the  shroud  cap  to  a full  scale  inflation  and  launching- 

test^ 

To  obtain  a preliminary  check  on  the  coi.iparative  tightness  of  this  balloon-’ 
payload  combination  together  with  the  use  of  the  shroud. 

To  check  the  accuracy  and  efficiency  of  the  "compensation  partial"  method 
of  helium  inflation. 

To  obtain  further  information  on  the  sand  dump  mechanism. 

Results^  Maximum  altitude?  63j;UOO  feet,  MSL 

Flight  duration?  3»7  hours 


Dxscussions  The  sixrface  wind  was  too  light  to  evaluate  the  shroud  in  the 
light  of  difficult  inflation  conditions.  It  was  seen,  however,  that  the  balloon 
was  under  perfect  control  throughout  all  phases  of  the  inflation.  Considerable 
difficulty  occurred  during  the  process  of  pulling  off  the  shroud.  This  had  not 
been  the  case  during  the  pre=flight  test  on  the  shroud  when  there  was  less  gas 
in  the  balloon.  On  the  basis  of  this  flight,  a formal  release  device  will  be 
developed  for  the  shroud  cap. 

Tlie  ascent  rate  was  almost  exactly  as  desired,  and  provided  preliminary 
verification  of  the  accuracy  of  the  "compensation  partial"  method.  More 
flights  are  needed,  however,  to  pass  final  judgment  on  the  method. 

The  entire  inflation  required  37  minutes,  compared  with  the  20  minutes 
required  for  the  "half  tube"  inflation  method.  There  was,  however,  an  eleven 
minute  delay  occasioned  by  the  transfer  of  hose  and  pressure  gauge  to  a 
second  helium  trailer  which  contained  the  partials.  The  total  time,  therefore, 
could  be  shortened  to  a more  satisfactoiy  interval  by  obtaining  the  proper 
hardware  to  connect  the  pressure  lines  of  two  trailers. 

Very  comprehensive  balloon  performance  data  were  obtained  on  this  flight, 
as  the  White  Sands  Proving  Ground-IIolloraan  Air  Development  Center  radar  net- 
work tracked  it  throughout  the  flighty 

The  maximum  altitude  attained  was  63,500  feet,  MSL..  The  theoretical 
altitude  from  the  graphs  provided  by  the  manufacturer  was  62,900  feet,  MSL. 

A constant  level,  non^extensible  balloon  w311  ascend  at  some  rate,  which 
increases  with  altitude,  and  which  can  be  to  some  degree,  determined  in  advance 
by  the  percentage  of  free  lift.  When  the  balloon  nears  floating  level,  ascent 
rate  decreases  so  markedly  that  it  often  takes  another  hour  to  attain  the  laxi’^ 
rauin  altitude.  At  the  top,  the  balloon  either  reaches  a peak  altitude  and 
comraences  to  descend  immediately,  or  else  it  ]e  vels  off  for  a while  before 
descending.  These  plateaus  are  hard  to  spot  because  of  thr  lia’ui:- 
of  tr.f  aJtiLade  irieasure-ments,  and  possibly,  becai;.-,e  li'ey  rcalj/  .i. 
occur  but  rarely.  The  telemetered  altitude  is  not  continuous,  the  time  and 
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scaie  of  i&he  sensitive  barograph  aost  often  is  inadequate ^ and  the  baUco'-s 
aie  usually  out  of  radar  rai;ge  by  the  tinse  they  reach  floating  albitiide. 
HcMsver,  a large  percentage  of  the  barograph  traces  froa  pre\o.ous  cailo*oc 
flights  indicate  a positive  peak,  rather  than,  a plateau. 

TMs  flight  did  demonstrate  a plateau  for  one  hour.  Out  o.f  35  flights 
with  good  aititude  data,  OT^iy  four  c others  in  addition  to  this  one  have  iiKii— 
cated  a plateau. 


The  overall  descent  average  after  reaching  floating  was  minus  530  feet 
per  hour  (including  floating)  for  1.3  hours.  This  is  well  under  the  average 
of  sinus  1,000  feet  per  hour  for  liS  previously  listed  flights  c-f  all  types. 
The  most  effective  way  to  stus^''  the  possible  effect  of  the  shroud  cap  on 
the  balloon  material  is  to  coB^iare  balloon  performance  with  a siHsilar  flight.^ 
without  a shroud  cap.  The  flight  selected  was  KRFB-111,  2 October  1952, 
for  Project  Gopher.  The  balloon  was  identical,  save  for  the  fact  that  it 
was  doable  l*>mil  material  instead  of  laminated.  The  iireflation  vas  vert^cai, 
without  the  shroud,  uai  with  the  saiwe  reefer.  The  load  ~’as  773  po-nds 
iladar  data  were  available.  Both  altit-jde  curves  may  be  seen  on  Graph 
ItOE.  1 & 2. 

In  general,  HAFB-168  seecied  to  be  mere  stable,  and  ccimmenced  its  descent 
twenty  miroites  later  than  The  overall  descent  values  cannot  be 

ccnrapared  because  thae  Gopher  flight  ccxv^enced  to  ballast  after  50  mintates. 

All  of  these  factors  indicate  an  altitude  perforc^ance  markedly  better 
than  average,  despite  the  aprareiiit  rough  contact  of  the  shroud  release. 

This  night  be  explained  by  the  superiority  of  laminated  polyethylene  or  a 
greater  stability,  because  cf  the  greater  mass  of  gas.  Cnly  more  flight  data 
with  this  type  of  payload  and  balloofi  wfll  ‘ndicate  these  possibilities. 

In  any  event,  the  effect  cf  the  sJircud  -was  definitely  net  detrementai,  and 
the  res'^ts  are  extremely  pleasing. 

The  follcwing  sequence  of  events  took  place  at  flight  term inat ion i 

Within  one  to  two  iiinates  of  the  set  time  on  the  balloon  'jome  clock, 
the  sand  began  to  dhiup  through  four  each,  t’^'0->incl  diameter  holes  in  a 
plate,  on  the  bottesra  of  the  ballast  reservoir. 

Twenty  seoom^  later,  vitb  the  sand  still  pouring  out,  the  parachiite 
and  payload  were  separated  fi-cHTj  the  balloon  by  the  blm-iiir'  of  a cannon  on 
the  load  line. 

The  load  free  fell  for  a little  over  three  seconds,  before  the  iS-foot 
cArgG  parachute  deployed.  J^dar  indicated  about  10,000  fe^t  per  minute 
fall  at  this  time. 

The  sand  was  not  coapletely  duaped  until  2 miojtes  and  h6  seconds  after 
the  parachute  had  deployed, 

Tte  tine  Interval  frO'S,  the  separation  of  the  parachute  and  payload  from 
the  balloon,  until  iropact  was  Jk  minutes.  The  ballxxsn  was  62,S60  feet,  FiSL, 
or  58j.7'00  feet  above  the  Ercu,nd,  at  separation  tirse. 
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It  was  apparent  that  there  must  have  beeji  well  over  SdO  pa-iiods  of  payload 
when  the  naranhuite  or»ened,  becao,se  17  patsis  were  ioam  to  he  damaged,  with 
or?e  shroud  line  broken. 

The  rinal  loadj  of  only  190  pounds,  however,  wa";  lowered  successfully  to 
earth  and  landed  right  side  up,  with  no  daoages  whatever^ 

SuHE-ary?  In  general,  the  flight  was  highly  successful,  providing  a wealth 
of  data.  The  seeningly  rough  treatasent  applied  to  the  top  of  the  balloon  during 
the  shroud  cap  release,  conpared  with  the  satisfactory  balloon  perforaiaace, 
gives  ample  support  to  the  reputed  ruggedness  of  the  2^-011  lamiziated  sheet 
poly e thylene • 


For  slsort  flights,  this  test  provides  a fine  proof  of  the  good  iforiciag 
trajectories  which  can  be  obtained  almost  a;^'  tine  of  year  by  pickijag  your 
altitude.  (In  this  case  the  altitude  was  not  picked.  Hcwever,  there  is 
usually  sane  altitude,  at  any  tine,  where  the  winds  are  alsost  negligible.) 
The  flight  was  airborne  for  3-7  hours,  was  visible  from  the  base  to  the  naked 
eye,  alaost  until  parachute  iapact,  and  the  impact  was  seen  with  20  power 
cptics. 


Flight  i3  “ HAFS'-ITO,  29  Septeafaer  1953 
Prograa  Stages  Stage  1,  Phase  A 


Ballomt 

Diaaeter 

Thickness 

Shape 

ii^eight 

Ai^odix 


72-6“foot 
2.0^11  lasiinated 
Spheres  one 
2U1  pounds 

Skirt  type  with  cardboard  stiffeners 
trfiiizen 


Payloads  Dubsqt  Cylinder 


10GL2  pounds 


Inflation  and  la  arching  Methods  C~2  wrecker  with  boos,  shroud  cap;  and 

canvas  balloon  reefer 

Free  lifts  11.5% 

Surface  Winds  s l~'3--7  knots 


Purposes  To  obtain  data  on  the  floating  altitude  characteristic»  of  a 
?2.6“foot  dlaroter,  2“«iil  balloon  for  a faxrly  l«ig,  daytiine  flight. 

To  test  the  shroud  cap  release  systea  naia^ocr  aoe» 

To  obtain  further  infoniation  on  the  accura<gr  of  the  **coB!{)ensation 
partial"  method  of  heliura  inflaticHi. 

To  check  the  xodifieti  sand  duap  systeia,  essplqying  one  6“inch  dianeter 
evening  at  tise  bottoB  of  the  sand  reservoir. 


Results s.  Maximum  altitude;- 


bUpVOO  feet,  MSLo 
Flight  diu'ationJ  6.-2  hours  o- 


Discussions.  A good  barograph  trace  and  telemetered  altitude  data  were  cb=’ 
tained  for  the  entire  flight  duration. 

The  overall  descent  rate  was  910  feet  per  hour,  slightly  better  than 
average,  but  apparently  not  as  good  as  the  first  shroud  flight  (Flight  ^2), 
without  the  formal  release  system*  Looking  at  the  data  more  closely,  however, 
we  find  that  this  balloon  performance  was  actually  better  than  that  of  Flight  #2* 


Flight  Number 

Minutes  on  the  Plateau 

Descent  Rate  Following 

Flight  n 

57 

2106  feet  per  hour  for 

0.35  hr 

Flight  #3 

130 

1971  feet  per  hour  for 

1*9  hr 

Sumraarys  This  flight,  consequently,  was  again  extremely  satisfactory.  It 
demonstrated  the  second  longest  plateau  out  of  the  1?C  flights  flown  to  date  at 
Holloman  Air  Development  Center,. 

With  three  out  of  the  six  total  flights  indicating  plateaus,  having 
gross  loads  of  1,000  pounds  or  more,  the  conception  of  greater  stability 
because  of  larger  gas  masses  seems  to  become  more  likely, 

A shroud  release  system  employing  lines  which  ran  completely  up  and  over 
the  apex  of  the  shroud  was  eraployedo  The  release  was  still  not  satisfactory, 
although  it  was  considerably  easier  than  using  just  the  lines  attached  to  the 
circumferences  as  in  the  previous  test. 

The  •'compensation  partial"  inflation  system  again  provided  b very  satis-* 
factory  ascent  rate.  This  time,  with  only  one  helium  trailer  involved  in  the 
inflation,  the  total  inflation  duration  was  only  26  minutes o This  interval 
is  but  6 minutes  longer  than  the  average  "half  tube"  inflation,  the  small 
time  discrepancy  appearing  justifiable  on  the  basis  of  the  former's  superior 
accuracy. 

Because  of  the  unforeseen  rigidity  of  a special  cap  covering  the  8”inch 
hole  at  the  bottom  of  the  sand  reservoir,  the  sands  did  not  dump,  (Wires 
supporting  the  cap  were  successfully  blown,  however.)  The  1,012-pound 
load,  consequently,  was  lowered  to  earth  by  two  2U“foot  personnel  parachutes, 
flown  side  by  side.  The  parachutes  were  not  damaged,  although  they  demonstrated 
considerable  twisting,  and  spilling  of  air  during  the  descent.  The  bottom  of 
the-  aluminum  cylinder  was  severelybent , but  the  ballast  reservoir  was  untouched, 
and  the  instrumentation  suffered  little  damage. 
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Flight  ^ - KAFB-lfl,  > October  19S3 

PrograE:  Stagei  Sla.  ’e  1,  Phase  A. 


BsHoon 

Diaaeter 

Thickness 

Shape 

Weight 

Appenilr 

Mfg. 


90-foot 

2.0  Jtxl  laminated 
Sphere“C<»ie 
337  pounds 
Skirt  type 
Winzen 


Payloads  Dunmy  Cylinder 


l,2li6  pounds 


Inflation  and  Latmching  Methods  C-1  -rreefeer  with  canvas  balloon  reefer 

and  shjpoud  cap 


Free  lifts 


11.5% 


Surface  Winds: 


0-2  knots 

0 


Purpose:  To  determine  the  adaptability  of  the  current  launching  inflation 

methods  and  hardware  (reefer  and  shroud)  relation  to  the  90-foot  diameter, 
sphere-^one  balloon. 

To  obtain  data  oa  the  floating  altitude  characteristics  of  a 90-foot 
diameter,  2-okil,  sphere-cone  balloon,  for  a full  duration  daytime  flight 
of  approximately  10  hours. 

To  obtain  further  information  on  the  accuracy  of  the  "cos^nsation 
partial*  inflation  ^stes. 

To  check  the  modification  on  the  destruction  device  for  reaeving  the 
cap  covering  the  hole  at  the  bottom  of  the  sand  reservoir. 


Results s Maxi  mama  altitudes  55,080  feet,  MSL. 


Flight  durations 


1 hour,  5 minutes. 


Discission:  The  present  reefing  cloUi  was  found  to  be  approximately 

10  feet  too  short  and  several  inches  too  narrow  for  the  5>0-foot  diameter 
balloon.  As  a result,  another  reefer  is  being  built  which  will  fit  this 
balloon,  and  perhaps  U6-footers.  Kevcrtheless,  Use  fit  was  sufficient  to 
ccMEslete  the  inflation  successfully. 

Tte  shroud  cap  appeared  to  fit  the  90-footer  very  well.  In  general, 
the  inflation  did  not  appear  axy  more  difficult  than  with  the  72 .8-footers. 

The  balloon  burst  before  reaching  floating,  at  an  altitude  of  55,OSO  feet, 
MSL.  The  overall  ascent  rate  was  792  feet  per  minute.  Korsally,  this  would 
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lie  caiisider-ed  a good  average  for  a polyetheylene  balloon  rilght.  luie  prevaotuis 
higlestr  ascent  rate  with  tbe  MX—lLSOB  lead  was  ?S0  feet  per  3±nnl^  on  Flight  #2, 
However,  that  i«st  included  a gross  load  of  1,032  pouuds,  Tbe  192  feet  per 
rsinute  is  with  a gross  load  of  1,583  pounds*  'ifith  gross  loads  over  2,CCC 
pounds,  Project  Gopher  encountered  ih  balloon  biarsts  out  of  16  attesipts^ 
ffiOLtly  due  to  ascent  rates  previously  considered  average.  Tnese  bursts  occurred 
at  the  base  of  Use  stratosphere  where  the  coldest  techie ratjires  are  encountyered. 

It  is  worth  noting,  consequently,  that  at  Sii,hl2  feet,  ISSL,  on  the  previous 
day  a te*5>erat«re  of  “72.9  degrees  Centigrade  was  recorded  at  Holloaiaii  Air  Force 
Base.  This  is  3 to  It  degrees  colder  than  the  brittle  teaqieratare  of  polyethylene 
18  degrees  colder  than  the  standard  atoospdiere,  and  yS  degrees  colder  than  the 
average  nlniiiim  tessperature  aloft  for  the  Biontli. 

One  of  tbe  ai»s  of  this  phase,  as  stated  in  the  flight  sussiaary  intro^^ 
di£cti<»ij  is  to  learn  the  safety  factor  for  ascent  rates  with  the  various 
ballcMHK.  There  are  these  possibilities,  however^ 

The  ballocm  burst  because  of  the  tewperature  being  below  the  brittle- 
ness denarcatloa.  If  the  anbient  tet^jerature  had  been  less  than  “70  degrees 
Centigrade,  tbe  aans  ascent  rate  would  have  been  safe. 

Because  of  the  large  gross  load,  apprcaching  Project  Gopher  diraensiens^ 
the  ascent  rate  aust  Ls  lowered,  no  natter  what  the  temperatareE. 

Actually,  of  course,  the  ascent  rate  was  a little  on  the  high  side  of 
what  was  desired,  naaraly  5W-700  feet  per  atinuta.  It  would  be  advantageous 
to  fly  another  90“footer  through  a siisilarly  cold  layer  at  6(X)  feet  per 
Biinute. 

Tbe  •coB^pensation  partial"  syste®  still  provided  close  results.  The 
last  three  flights  have  varied  only  between  712  and  792  feet  per  odnnte, 

Sumaiy.  The  main  abjective  of  the  flight,  to  test  the  fit-  of  t!s 
launching  "hardware",  was  accoirolisheH  and  without  hasardiug  the  fli^it. 

The  secondary  objective  was  by  fate  replaced  by  an  objective  that  wonld  have 
been  a{^lied  in  a later  flight.  Instead  of  floating  altitude  data,  ascent 
rate  safety  factor  data  were  obtained.  Ihe  latter,  of  course,  is  just  as 
isportant.  In  tbe  overall  picture,  tbe  fli^t  was  satisfactory  supplying 
both  useful  and  sufficient  data. 


Flight  #5  HAFB“i72,  15  OtU^r  1953 


Frograisi  Stages 


Stage  1,  Phase  A 


Ballooxu 

OlaKter 

Th  at^<C*5e3S 

Height 

Appendix 

Mfg. 


?2=8“foot 
2.0  mil 
Sphere-Coae 
2mi0  pounds 

Tubular  type  skirt,  2x1  ail  aaterial 

Vinxen 
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i'ayloadJ  Dummy  Cylinder  l,0li2  pounds 

Inflation  and  Launching  Methods  C-2  wrecker^  with  canvas  bal?^oon  reefer 

(unlacing  type)  and  shroud  cap= 

i^e  lifti  IVi 

Sarrace  Sirsis'  1~1  knots 


Purposes  To  test  the  new  shroud  cap  release  system^  This  o&ethod  involves 
the  onlacijjg  of  the  cap  which  has  been  split  into  ti*>  parts. 

To  test  the  aew  reefing  cloth,  which  also  has  been  JEOdified  with  an 
lacing  device.  It  is  felt  that  this  nethcd  would  elininate  possible  effer^ 
of  frictional  daiaage  that  could  be  affected  by  the  previous  sliding  raef^er 
cloth. 


To  obtain  fLoatiog  altitude  data  for  foiur  or  wore  hoBirs  in  order  to  co»- 
pare  the  effect  with  Flight  #3  of  a cleaner  sivroud  release  upon  balloon  per*- 

JL.  'UtZ  liUa  !.Jh^T7  • 


Results s MaxliQura  altitudes 
Flight  duration: 


62,70vi  feet,  M3L 
35  plus  hours 


Discussions  The  split  cap  release  worked  smoothly  and  efficiently. 

The  new  unlacing  reefer,  which  had  been  cons tnsc ted  so  that  it  would  fit 
90“footers  and  probably  ll6“footers,  proved  to  be  sli^tly  large  for  a 
72.8“foot  Gopher  type  balloon.  This  made  tlse  unlacing  process  a very  precise 
task.  At  one  point  during  the  inflatlao,  the  cloth  was  unlaced  a little  blt- 
too  far  below  the  base  of  the  bubble,  and  the  cloth  fell  down.  Before  the 
next  test,  the  lacing  system  will  be  isodified  to  prevent  stach  occurrences. 

Coraplete  altitude  data  are  not  available,  because  the  barograph  trace  has 
not  yet  been  reduced,  and  the  flight  was  only  within  radar  range  for  2—1/2  hours. 
However,  a double  theodolite  check  after  S-l/2  hours  of  floating  indicated 
a descent  of  550  feet  per  hour.  This  is  ouch  better  than  average,  and,  store 
important,  it  easily  exceeds  Hie  510  feet  per  hour  descent  of  Flight  #3  for 
only  h hours  of  floating.  This  far,  therefore,  the  split  stiroud  cap  release 
results  in  considerably  ijaproixd  balloon  performanrce. 

CtsiaaiiaiMi  separation  gear  was  not  on  hand  to  be  used,  and  the  clock  cut- 
down  failed.  The  balloon  was  sighted  east  of  El  Faso,  2.'>  nours  after  take^ 
i : ce  recovery  hcri  :st,  ".'•erf  achieved,  fie  f'i'ghi  --'Iji  -'il't  ' - 

at  least  a 3b-hnur  flight  of  an  unballasted  flight  with:  this  sise  cell. 


Optical  tracking  froa  the  Balloon  Tracking  Control  Center  lasted  for 
11  hours. 
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Surimai-y-;  Since  the  barograph  data  is  ncv  available,  thi'^  fiight  3 
sadered  a lOCffo  success,  as  Tar  as  accon.r lushing  purposes  are  concerned » v.:., 

trial  of  modified  ha.rdware  was  successful,  and  enough  altifnie  data  were  00- 
taired  to  indicate  better  balloon  performance  vj'th  the  rn-*  nirmim  abrasive  cualiM'r-c 
of  the  modified  hardware^  The  barograph  data  are  needed  for  mere  concise  detail? 
such  as  plateau  i nformation. 

This  flight  will  actually  serve  the  purpose  of  two  flights,  since  one  ox 
two  overnight  flights  are  needed  on  the  72.,8-footer  in  this  phase..  The  morning 
position  near  El  Paso  indicates  (from  wind  flow  information)  that  the  flight 
could  rot  have  been  lower  than  50,000  feet,  KSL,  at  this  timer  This  indicated 
a nighttine  descent  rate  at  least  equal  to  the  dajd,imie  descent  rate,  and  perhaps 
less.  In  the  only  other  records  of  overnight  unballasted  descent  rates  on  hand, 
six  out  of  seven  indicated  greater  descents  at  night. 

Flight  #6  ^ HAFB-175,  27  October  1953 


Program  Stage? 

Balloon; 

Diameter 

Thickness 

Shape 

Weight 

Appendix 

Mfg, 

Payloads  55  gallon  drum, 
control  package 


Stage  1,  Phase  A 


116- foot 

2o5  mU 

Natural 

590  pounds 

Tubular  type  skirt 

Winzen 

with  1,002  pounds 
on  top 


Inflation  and  launching  Method-  C-2  wrecker  with  unlacing  canvas  balloon 

reefer,  and  shroud  cap 

Free  lifts  7% 

t 

Surface  Winds?  0=2  knots 


Purposes  To  test  the  adaptability  of  the  launching  hardware  and  techniques 
to  the  116-foot  diameter  balloon. 

To  attempt  a purposeful  slow  ascent  rate,  in  accordance  with  Pro.iect 
Gopher  experience  with  this  size  balloon,  and  heavy  payload. 

To  obtain  daytime  altitu(3e  performance  data  vrith  this  balloon  and  payload 
combination. 

Results?  Maximum  altitude  6l,6>00  feet,  KSL, 

Flight  duratio  n„  U6  hours  plus , 

Ascent  rate'  850  feet  per  minite 
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Discussions-  The  shrouii  cap  seemed  to  fit  the  U6-foot  diameter  balloori 
precisely.  Actually,  for  gross  inflations  200  pounds  or  more  greater  than 
the  1700  pounds  on  thi.s  flight,  it  might  have  to  be  perhaps  five  more  feet 
in  diameter.  But  for  1,000  ponrui  payloads,  it  has  now  been  established 
that  the  present  shroud  cap  will  fit  balloons  from  6l  to  II6  feet  in  diametei, 

Summaryt  The  laced  reefer  appeared  to  fit  the  big  balloon  precisely,  in 
diameter,  being  about  10  feet  short  in  length.  During  the  inflation,  however, 
a few  of  the  loops  hung  up,  right  at  the  base  of  the  bubble,  about  120  feet 
above  the  ground.  This  dileamia  was  solved  by  lowering  the  bubble  with  the 
eight  hold-=down  lines,  until  the  loops  could  be  contacted  from  the  top  of  the 
covered  wagon.  At  this  time,  there  was  approximately  900  pounds  of  gas  in 
the  balloon.  This  event,  again  demonstrates  the  versatility  of  the  shroud 
cap. 


It  fiad  been  decided  to  give  this  balloon  only  1%  free  lift,  in  an  effort 
to  attain  an  ascent  rate  between  300  and  feet  per  minute.  The  release 
was  delayed  for  3/U  of  an  hour,  however,  and  considerable  superheat  was  ac- 
cumulated. In  fact,  the  flight  actually  averaged  i,060  feet  per  minute,  up 
to  U0,000  feet,  KSL.  Mindful  of  the  Project  Gopher  experience  of  lit  balloon 
bursts  out  of  the  first  16  flights  with  ll6-footers,  the  tracking  aircraft 
and  vehicle  were  alerted  for  a burst  when  the  flight  entered  the  layers  of 
minimum  temperature,  near  60,000  feet,  MSL.  By  the  time  the  balloon  attained 
this  level,  much  of  the  superheat  had  been  dissipated,  but  the  ascent  rate 
was  still  850  feet  per  minute.  This  was  60  feet  per  minute  faster  than  the 
burst  experienced  on  Flight  #5,  with  the  90-footer,  and  some  UOO  feet  per 
minute  faster  than  the  ascent  rates  advised  by  Project  Gopher,  Much  to  cur 
amazement,  however,  no  burst  occurred,  and  the  ascent  rate  slowed  progressive- 
lymtil  it  eased  into  floating  level.  Three  radiosonde  runs  taken  within 
2li  hours  of  the  flight,  indicated  tfiat  the  minimum  temperatures  were  varying 
between  60  and  62  degrees  Ge.atigTade,  This  is  warmer  than  the  average  of 
6U  for  last  October,  and  12  degTees  warmer  than  the  minimum  temperature,  the 
day  the  90“footsr  burst. 

No  daytime  altitude  performance  can  be  obtained  until  the  barograph  is 
reiiovered.  The  trajectory  on  the  second  day  indicated  the  flight  was  between 
5>5pOOO  and  65jOOO  feet,  MSL.  The  flight  was  aloft  over  Key  WeEJt,  Florida, 
on  the  third  morning,  which  means  the  earliest  probable  teriainc.tion  would  be 
that  eveiing.  A 60-hour  flight  on  an  unballasted  balloon  attests  to  the 
fact  that  the  cell  was  extremely  tight. 

In  accumulating  ascent  rate  safety  factors,  theiefore,  it  is  apparent 
that  the  temperature  factors  must  be  carefully  integrated. 

Generals  The  control  instrumentation  antenna  snarled  on  thie  edge  of  the 
launch  cart  at  take-off,  and  was  snapped  off.  Consequently,  no  telemetered 
altitude  data,  or  command  cut— down  was  possible. 

Tl>e  flight  was  again  tracked  optic al?.y  until  the  sun  set  on  the  balloon, 
a duration  of  9“l/2  hours,  and  down  to  a 3«?  degree  elevation.  Gt'-neraily 
optical  tracking  is  regarded  only  as  a supplementary,  temporary  device.  The 
extrente  visibility  provided  by  the  high  altitude  (U,i00  feet,  MSL)  and  desert 
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skies  at  Hoilorr.an  Air  Development  Center-  however,  converts  the  device  into 
a major  tracking  element..  The  six  flights  for  this  project,  thus  far,  have 
been  tracked  optically  for  an  average  of  5^5  hours  per  fl.ight.  The  range 
has  been  up  to  l50  miles.  This  is  no  mean  statistic,  when  you  consider  the 
equivalent  tracking  distances  in  the;  eastern  portion  of  the  country^  a 
balloon  over  New  York  City  as  seen  from  Baltimore,  or  a balloon  over  Cleve^ 
land  as  seen  from  Dayton.  Actually,  the  most  ijuportant  result  of  this  optical 
capability,  is  that  every  one  of  the  six  flight  was  tracked  for  the  entireties 
of  the  intended  flight  durations. 

Despite  the  fact  that  the  balloon  could  not  be  tracked  overnight,  fore- 
casting and  communication  capabilities  resulted  in  the  balloon  being  picked 
up  by  0900  hours,  GST,  on  the  second  morning  of  the  flight.  The  flight  was 
forecast  to  be  in  the  area  near  Austin,  Texas,  at  dawn.  At  07C0  hours,  MST, 
Bergstrom  Air  Force  Base  operations  at  Austin,  was  contacted.  By  O8OO  hours, 
MST,  visual  contact  was  reported  near  San  Antonio,  less  than  100  miles  away. 
Negotiations  bad  been  initiated  to  use  the  MARS  network  on  such  emergencies, 
and  a trial  run  was  provided.  Information  on  the  balloon  was  broadcast  to 
ham  operators  close  to  the  trajectory.  Throughout  the  day,  positions  were 
reported  to  Holloman  Air  Force  Base  operations,  through  Carswell  Air  Force 
Base,  from  Kelly  Air  Force  Base,  B“36s  and  other  aircraft  in  the  vicinity,  and 
MARS  observers.  The  sunset  position  was  given  as  near  Corpus  Christi,  Texas. 
The  dawn  position  was  forecast  to  be  200  miles  west  of  Florida,  between 
Tampa  and  Key  West,  a NOTAM  to  this  effect  was  sent  out  over  the  airways, 
that  night  MARS  operators  in  Florida  were  alerted*  That  morning  an  operator 
in  Key  West  actually  did  sight  the  balloon* 

All  of  these  details  serve  to  provide  a lesson  for  the  final  phase  of 
the  project,  on  perhaps  an  overnight  flight,  with  the  floating  laboratory. 

In  this  case,  although  the  balloon  communication  safety  factor  will  be  con= 
siderably  increased,  even  the  one  chance  in  fifty,  perhaps,  that  coram\mica“ 
tions  would  fail  during  the  night,  should  be  considered,  in  this  case  instead 
of  hazarding  the  dangers  offered  by  a bail  out  in  the  night,  without  the  re= 
covery  personnel  being  close  by,  it  would  seem  advisable  to  wait  until  day- 
light. Then  with  the  capabilities  just  demonstrated,  the  flight  should  be 
rejoined  by  the  tracking  vehicles  and  aircraft,  just  after  dawn. 


21 


STATUS  OF  THE  OPERATIOML  PHASE  OF  THE  ^;AMNED  BALLOON 


PK)GRAM  AS  OF  JANUARY  19^14 


i.  Balloon  Sumroary 


Received  (and  used)  from  V/ADC 

Successful  Flights 

8 each 

72.8  footers 

6 

3 each 

90.0  footers 

1 

3 each 

11.6  footers 

1 

1 each 

72.8  footer 

ground  test 

Supplied  by  HADC 

1 each 

footer 

0 

1 each 

6l  footer 

ground  test 

3 each 

72.8  footers 

0 

2 each 

92,$  footers 

rv 

c 

1 each 

9k  footer 

0 

2*  Shroud  Inflation  Techniquei 

a,  Pre-Shroud  Flights  Shroud  Flights 

1 success  out  of  5 attempts  7 successes  out  of  111  attempts 

(2  failures  due  to  instrumentation) 

b„  In  total  tests  with  the  shroud,  involving  inflation  only,  there  have 
been  13  successes  out  of  16  attempts. 

c.  There  have  been  t>u*ee  completed  inflations  of  116  footers,  out  of  three 
attempts  (Figure  7)~  One  had  to  be  destroyed  because  of  instrument  failure,  a 
secorri  was  found  to  have  been  damaged  by  the  reefer,  arid  the  third  flew  success- 
iiilly  for  more  than  60  hours. 

d.  Maximum  wind  condition  for  a successful  attempt  has  been  in  a 7-knot 
wind  measured  at  an  elevation  of  20  feet  with  an  estimated  10  knots  at  balloon 
b.ibble  height. 

e.  A new  and  larger  shroud,  constmcted  of  nylon,  is  in  the  process  of 
fabrication.  It  will  be  employed  in  an  attempt  to  keep  the  balloon  bubble  on 
the  ground,  during  the  entire  inflation.  It  is  hoped  that  this  technique  will 
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increase  inflation  capabilities  to  at  least  10  knotSo 
3»  Actual  launch experiences 

Out  of  10  launching  attempts,  9 have  been  successful^  The  single  failure 
was  due  tc  under  inflation^  The  payload,  however,  was  undamaged  in  ail  iu  attempts, 

b.  A new  launch  cart  is  being  designed  for  the  payload. 


ii.  The  number  of  flights  which  can  be  designated  successful,  under  the  conditions 
of  Stage  1 of  T.  D,  f/5lS2-HI,  are  ten. 

The  maximum  payload  weight  has  been  1,2[|6  pounds.  The  averace  for  the  eight 
flights,  l,0li2  pounds, 

6,  The  maximxiiti  altitude  for  the  eight  flights  has  been  8l,600  feet,  MSL, 

7,  The  maximum  duration  has  been  something  in  excess  of  8 days.  The  average 
of  the  remaining  seven  flights  has  been  7o5  hours, 

8,  Trackirg  and  Recovery  Techniques 

a.  Recently,  a 2-1/2  ton  van  has  been  equipped  to  act  as  a comma ni. cations 
relay  between  the  other  ground  vehicles,  the  Balloon  Tracking  Control  Center, 
and  the  aircraft.  Since  the  adoption  of  this  system,  there  have  been  12 
consecutive  successful  recoveries. 

b.  A second  radio  panel  truck  and  two  radio  equipped  pick-ups  are  being 
obtained.  This  will  result  in  the  use  of  five  ground  vehicles  on  tracking 
missions, 

c.  The  priority  use  of  two  L=20  aircraft  (arriving  1 February)  has  been 
granted, 

d.  All  four  attempts  with  the  Aero  Med  command  cut-down  unit  have  been 
successful.  The  maximum  range  has  been  11?  miles. 


APPEfOEC 


1.  Problem;  To  check  a proposed  method  of  maintaining  a rapid  flow  of  lieliura 
from  the  trailer  during  a vertical  inflation. 

a.  It  had  been  observed  that  during  an  inflation  when  10  or  more  tt.bes  of 
the  trailer  were  employed,  the  final  ^00  psi  of  the  gas  from  each  tube  would  flr.w 
out  at  an  increasingly  slow  rate.  It  took,  for  instance,  11  mimtes  on  one  test 
to  drain  9 tubes  from  2^0  psi  down  to  zero.  Vertical  inflations  must  be  performed 
during  selected  p>eriods,  when  the  surface  winds  are  relatively  light.  Such  periods 
may  be  of  short  duration  and  it  is  imperative,  comequently,  that  iriflation  rates 
be  greater  than  the  magnitudes  exhibited  by  the  standard  procedures. 

b.  The  method  proposed  by  the  Balloon  Unit  as  a solution  to  this  problem  vo.s 
to  employ  double  the  amount  of  tubes  needed  for  the  inflation.  As  a result,  the 
tubes  would  only  be  valved  out  to  the  point  where  they  were  half  full.  Since 
this  value  (approximately  1,100  psi)  is  well  above  the  pressure  where  the  in- 
flation rate  is  appreciably  decreased,  the  total  inflation  time  should  be  pro- 
portionately decreased. 

c.  This  solution  is  simple  and  there  was  no  doubt  concei  nine  its  effectiveness 
as  a time  saver.  The  only  complication  involved  vTas  that  of  accuracy.  VJhen  a 
full  tube  of  helium  is  emptied  into  a balloon,  one  can  be  sure  that  all  of  the 
computed  lift  has  been  delivered.  Hoi-rever,  extraction  of  only  part  of  a tube 
poses  some  problems.  Suppose,  for  instarce,  a tube  originally  contained  2,000  psi 
of  gas  at  T^  degrees  Centigrade,  and  it  was  desired  that  half  of  this  amount  be 
extracted.  When  the  pressure  gauge  indicated  1,000  psi  and  the  main  valve  is 
closed,  however,  we  do  not  know  exactly  how  much  lift  has  been  extracted.  Because 
of  the  decrease  of  pressure  of  the  gas  within  the  tube,  the  temperature  has  also 
dropped.  Since  it  has  not  been  possible  up  to  now  to  modify  the  (ifavy)  helium 
trailers  with  thermocouples,  a fairly  large  source  of  error  is  introduced. 

Special  tests  made  a year  ago  with  the  use  of  thermocouples  indicated  an  average 
error  of  minus  one  pound  per  tube,  and  a maximum  of  minus  three.  This,  however, 
was  for  only  the  valving  of  one  tube  at  a th'®  , It  is  probable  that  the  tempera.- 
ture  drop,  aiud  cOiisequently  the  error  per  tube,  would  be  larger  when  2^  tubes 

were  being  valved  simultaneously.  A two-pound  deficit  per  tube,  in  a 25  tube 
inflation,  would  almost  halve  the  free  lift  in  a 1,000  pound  load  inflation. 

d.  This  source  of  error  will  be  eliminated  in  the  near  future  by; 

(1)  Purchase  of  a summation  flowmeter.  The  Bauloon  Unit  at  present  ha.s 
sent  out  desired  specifications  to  various  companies, 

(2)  Ccnsti'uction  of  a spring  scale  for  measuring  lift  on  vertical  in- 
flation. Blueprints  have  already  been  obtained.  There  is  some 
question  of  accuracy  with  such  a device,  but  it  should  be  able  to 
detect  deficiencies  of  5o  pounds  or  more. 

e.  For  immediate  use,  a forimla  developed  by  General  Mills  Aeronautical 
Research  Laboratory  was  chosen  for  study.  This  formula  predicts  at  what  gauge 
pressure  idle  valve  should  be  turned  off,  in  order  to  extract  the  exact  mass  of 
gas  needed.  The  "cait  off"  pressure  is  always  lower  than  the  standard  computed 
pressure,  because  of  the  drop  in  temperature.  Actually,  if  the  pressure  gauge 
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were  watched  for  30  mi  rates  after  the  cut-off,  the  pressure  would  climb  back  tc 
the  standard  computad  pressure,  as  the  temperature  of  the  tube  recovered. 

This  formula  was  origimlly  checked  here  a year  ago  w' th  the  aid  of  thermo- 
couples. This  result  was  very  satisfactory,  (predictions  were  something  less 
than  within  O.ii  pou  nis  per  tube),  but  the  tests  vrere  run  on  tubes  which  were 
drained  individually.  For  MX-lli50B,  consequently,  it  was  necessary  to  check 
the  equation  for  many  tubes  drairdne  sirpultaneously.  In  order  to  accomplish 
this,  a ground  inflation  test  was  performed  on  23  Nay  19^3. 

2.  Test  equipment  employed: 

a.  One  each  20-foot  diameter,  1.5-mil,  12-pound  polyethylene  non-extensible 
balloon,  with  a volume  of  it, 500  cubic  feet, 

b.  One  each  platform  scale 

c.  One  each  200  pound  shot  bag 

d.  Five  tubes  of  helium  at  2270  psi  each 

e.  One  each  ground  cloth 

3.  Test  Procedures: 

a.  The  balloon  was  laid  out  on  the  ground  cloth,  and  the  200- pound  shot  bag 
tied  into  the  load  ring. 

b.  The  3-mil,  red,  5-inch  diameter  inflation  tube  (which  was  too  small  for 
the  diffuser  at  the  end  of  the  rubber  inflation  hose  attached  to  the  trailer) 
was  withdrawn,  and  a standard  10-inch  diameter  tube  inserted. 

c.  Five  full  tubes  from  the  helium  trailer  were  opened  into  the  manifold, 
and  allowed  to  equalize  for  30  mimtes, 

d.  At  the  end  of  this  period,  the  pressure  gauge  and  ambient  temperature 
were  r-e corded: 


Gauge  pressure 
Ambient  temperature 
Time 


2,270  psi 
65  degrees  F, 
0610  hours  MST 


e.  The  gauge  pressure  was  corrected  from  the  calibration  curve; 

Corrected  pressure  2,250  psi 

f.  The  shot  bags  were  placed  upon  the  platform  scale. 

g.  Gas  was  valved  rapidly  into  the  balloon. 

h.  The  flow  was  cut  off  suddenly,  when  the  tubes  were  less  than  half 


25 


emptied.  (Tho  lower  the  pressure  a.  partial  is  valved  to,  the  less  the  error, 
as  all  the  lift  cui'ves  converge  toward  zero.) 


i.  The  cut-off  gauge  pressure  and  the  apparent  readirg  of  shot  bag  upon 
the  platform  scale  were  recorded: 


Gauge  pressure 
Correcteci  gauge  pressure 
Shot  bag  weight 
Time 


1,390  psi 
1,375  psi 

69  pounds 
0813  hours  MST 


It,  Computations: 

a.  The  total  lift  of  gas  inserted  has  been: 

Apparent  loss  of  weight  of  shot  bags  200  pounds 

minis  69  pounds 
equals  I3I  pounds 

Weight  of  balloon  12  pounds 

Gross  inflation  equals  12  plus  131  equals  IU3  pounds. 

b.  The  valving  rate  was  lt7,5  pounds  per  mimte,  about  the  same  rate  that 
IjOOO  pounds  has  been  inserted  into  a ii5-foot  diameter  balloon,  on  a MX-lii50B 
"hot”  toot.  The  temperature  drop, consequently,  must  have  approached  reality 
as  far  as  the  rate  of  valving  is  concerned, 

c.  The  original  General  Mills  equation  iss 

Cut  ^ff  pressure  a 10,000  .5  IS>  ^'>|(10,0C0  / .5  IP)^  “ 20,000  FP 

where  IP  equals  the  initial  tube  pressure  1,375  psi  FP  equals  the 
recovery  pressure,  or  that  pressure  which  the  tui>e  will  assume  after 
the  valving  ceaees,  and  the  temperature  of  the  gas  has  recovered  to  the 
same  readin{_  indicated  at  the  initial  pressure  reading.  Cut-off  pressure 
equals  the  pressure  at  which  the  valve  must  be  turned  off,  so  that  a ’'.ass 
of  gas  equivalent  to  IP  minus  FP  at  the  intial  temperature  will  have  been 
successfully  extracted.  In  this  test,  this  cut  off  pressure  ( vh" ch  was 
in  this  case  selected  rather  than  computed)  was  1,375  psi. 

The  final  pressr.re  FP,  has  to  be  derived  by  working  backwards,  with  the 
test  data  ard  standard  inflation  charts. 

(1)  Total  lift  inserted  into  balloon  - l)i3  pounds 

(2)  Lift  per  tube,  for  the  five  tubes  - 28.6  pourds 
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(3)  Lift  per  tube,  vith  in57 ial  press'.’.re  and  ^empf.ra‘,ure( from  Ihf; 
inflation  rharts)  ~ 60.5  pounds 

(ii)  Founds  lift  of  t:as  to  be  left  in  each  of  the  five  t’lbes,  in  order 
to  attain  the  1'j3  pounds  ctoss  inflation  - 80.5  rsiixis 

26.^  equals 

51c9  pounds 

per  tube 

(5)  The  final  pressure  equivalent  to  this  lift  per  tube  (li),  FP^ 
obtained  from  the  inflation  charts  - 1,615  psi 


e.  Sow  that  all  the  variables  in  the  ecuation  arc  accounted  for,  th? 
can  be  inserted  to  find  cut  how  valid  is  the  relationshic. 


(l)  Substituting  in  6.  c,  we  have: 

1,  375  - K (10,000  -t  .5  (2250)  rluo,ooo  ^ 1125)^  -.2o,ooo(i;.i:;: 


where  K is  the  "validity**  factor,  or  that  nimber  which  the  p:irase 
on  the  right  hand  side  of  the  equation  must  be  multiplied  by,  to 
obtain  the  correct  cut-off  pressure,  for  our  particular  test. 


(2) 


Sinpllfyinr-,  let  a a 1,375  b^ii  ] 25  c.“26j  300,000 

so,  a2  = 1,690,625  r 123,765,625 


(3)  The  equation  now  ray  be  writF-f»n  as: 


squariqg 


1/2 


a - b = (b^  - c) 
K 

^.2ab 


a^  ^ 2abK  4 cK2  r:  0 

K ab  i (a^b^  - a-c)^^  = ab  1 a(b?  - c)^^ 

c c “ “ 

_ - D ” (b^  --  c)  ^ ^ 
c 

(6)  Substituting  the  appropriate  valu.us  for  a,  b,  c,  we  find  that 

K = 1.015 


5.  Conciiusiciis : 

a.  The  value  of  K is  close  enough  to  1.00,  that  we  ’Tiight  conclude  that  tne 
equation  is  sufficiently  valid  as  it  stands.  This  is  especially  so  when  ve 
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realize  that? 

(1)  The  15  tests  made  with  the  individual  tubes  a year  ago  resulted 
in  values  of  K with  deviations  from  this  new  value,  within  the 
accuracy  limits  of  the  test  instruments. 

(2)  These  consistent  answers  have  been  obtained  despite  the  possibility 
of  sources  of  error,  like  the  plus  or  minus  7.^  psi  accuracy  of 
the  pressure  gauge,  and  the  variations  in  tube  temperatures  before 
the  valving  process  and  after  the  tube  "recovery”. 

b.  It  seems  reasombly  apparent,  therefore,  that  further  ground  test  checks 
on  this  corrective  equation  can  tell  us  little  more,  and  that  the  first  few 
successful  ascents  with  the  1,000-pound  load  will  provide  the  next  data  of 
impoi'tance  in  relation  to  this  problem. 

c.  The  accuracy  of  the  equation  as  it  stands  now,  therefore,  must  satisfy, 
but  how  accurate  is  this  in  a typical  MX-II45IOB  flight. 

(1)  Let  us  take  a typical  gross  iriflation? 

Payload  1,000  pounds 

72.8-foot  balloon  2^0 

Free  lift  110  (8.8^  gross  load) 

l,5o0  pounds  equals  gross  inflation 

(2)  At  an  average  lift  of  85  pounds  per  tube,  this  inflation  calls  for 
16  full  tubes.  V/lth  our  half  tube  accelerated  method,  we  will 
use  32  full  tubes. 

(3)  Valving  the  tubes  liitu  the  balloon  until  they  are  half  emptied 
would  supposedly  call  for  valving  until  the  pressure  gauge  reads 

a little  over  1,000  psi.  Because  of  the  drop  in  temperature,  how- 
ever, we  have  to  valve  to  some  pressure  50  psi  or  so  less  than 
this  as  predicted  by  the  coxu'ective  equation. 

(4)  Because  of  the  3.imitatlons  of  our  measuring  instruments,  one  cannot^, 
however,  justifiably  apply  a correction  to  the  answer  provided  by 
the  equation.  (As  discussed  in  5.*)  If  the  equation  says  that  cut 
off  pressure  is  to  be  1,000  psi,  that  is  the  value  which  will  be 
empi.oyed. 

But  suppose  that  the  K « 1.015,  as  calculated  from  the  ground  test, 
was  exactly  right,  despite  the  accuracy  limitations  with  such  a 
small  magnitude  difference.  On  this  particular  flight,  there  would 
be  a discrepancy  of  15  psi.  This  does  not  sound  like  a bad  figure, 
for  the  sma31est  division  on  the  pressux*e  gauge  is  20  psi.  However, 
multiply  this  15  psi  by  the  32  nubes  which  are  being  employed 
simultaneously,  and  there  wiU  be  a discrepancy  of  1x80  psi,  or  I8 
pounds  of  lift,  at  room  temperature.  This  would  char^-e  the  free  lif 
by  1,$%. 


(5)  The  most  important  factor^  here,  of  course  is  the  32  tubes  being 
employedo  No  matter  what  the  source  of  error  is,  the  niagriitude 
becomes  inportant  when  multiplied  by  32,,  The  pressure  gauge,  for 
instance,  would  be  responsible  for  calculation  fluctuations  of 
plus  or  minus  b nounris  of  lifto  In  a comprehensive  repoit  on  in- 
flation techniques  (to  oe  distributed  soon  by  6.^80th  Test  Squadron 
(special),  Holloman  Air  Development  Center),  15  sources  of  error, 
all  of  a magnitude  of  not  less  than  0,2  pounds  lift  per  tube,  are 
discussed.  All  of  these  become  important  •'•'hen  32  tubes  are  in 
vol.ved, 

d.  SuiTmirg  up,  it  can  be  concluded  that  the  equation  will  probably  provide 
answers  as  accurate  as  any  of  the  other  inflation  measurement  techniques  current- 
ly employed.  The  limitations  of  these  accuracies,  however,  vnll  become  'nore 
important  when  magnified  by  the  extreme  quantities  of  gas  to  be  employed  for  the 
MX-1U50B  flights, 

6,  Recortsrendations 


a.  No  farther  ground  checks  should  be  made  with  this  system,  unless  some 
method  of  weighing  off  1,000-pound  loads  is  obtained  before  the  first  few 
actual  balloon  ascents.  The  ascent  rates  demonstrated  by  the  first  flichts 
will  provide  the  most  important  answers, 

b,  A method  of  measuring  the  lift  by  use  of  a spririg  scale,  tied  in 
between  the  ground  and  the  load  ring,  should  be  iratiated. 
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